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Abstract 

A 7 level metatfization 'mrinAm^ 4 levels of Cn ovtalHzation 
by the damascene tedunqoe is successfoDy developed usiqg newfy 
developed ahraavc free poUshing{AFP). This new AFP process 
reduced erosion and dishing, defect density, and in^ved TDDB 
lifetime of dielectric layers. We also improved corrosion 
resistance for Oi wiring. This process was used to febricate a 
metaOizadon structure of a new-cache memoiy chq> consisting of 
9-Mb 0.6-ns SRAMs and 200-K 25ps ECL gate arrays. And dus 
Co metallization suppresses parasitic capacitance of ioterconoccts 
and reduces dock wiring delay 30%. 

Introdnction 

A Cu damascene process is one of the most promising 
technotogies to realize the Co tntercomiectton structures for high- 
speed fogK LSIs(l). The key techootogies for Oi damascene 
process incbde Cu fiSiiig into trenches and Oi CMP. As for the 
Cn deposition, various technologies have been studied to fin 
treiKrhes and holes. Among these technologies, tow pressure long 
throw sputtering oonibincd with reSow {m>cess is one of the most 
promising and well established technobg^(2)(3) Once the 
depositfon technotogy is fixed, CMP technology for Cu becomes 
almost the only one key process to establish Cn metalfization. 

As is wen known, there exist many probtems to be solved in 
Cu CMP process, inchiding erosbn. disUng. corrosion, particles 
generated fiom shirry, scratches, mechanical damage to the 
substrate, and so on. B^re introducing Co metallization pmcess 
into mass production, these instatalities in Cu CMP process should 
be solved. 

In this study, the advantage of a two st^ CMP piocess by 
using newly developed abrasive free polishing(AFP) for Cu is 
demonstrated and the successfiil plication of tfas AFP 
technology to 7 level metalfization including 4 levels of Cu byecs is 
reported, 

Esperimntal 

After tht CMOS and Bipolar transistors were fabricated on 
bonded SOI substrate. HDP(high det^ity plasma) StO^ was 
deposited and CMP was carxied out for premetal planarizatton. 
After contact holes were filled with tungsten phig md first level 
metaftization was formed with the conveotional subtractive 
m^bod. Cu single damascene process with tungsten plug was 
performed from the metal 2 and metal 5. After the trench etching. 
Cu film was d^K»iled by long throw sputtering with TiN barrier 
layer, which was foOowed by reflow of Cu fihn. Thai metal 
removal by CMP and post CMP wet ^*^»fw»g was performed using 
the newly developed AFP. Two st^ CMP process was used in 
which the first st^ was designed only for Ca CMP ami the second 



step was to remove barrier layer. Then. 0.05pm cap-pSiN as a 
benier materia] against Co di£&isian was d^xisitBd in series witfa 
BcconqMirying NH3 plasma trealmeitf to reduce CuO fiom the Co 
sur&ce. 

Defects and Cu corrosion were evaluated using KLA2138 
wafer inspection tool combined with Applied Materials review 
SEM. Hme dependent dietectric breakdown (TDDB) between Ca 
mterconnects in the same layer was measured at 140^ usn^ a test 
structure consisting of comb fines c^>acitor. The lifetime is 
defined as the tune at whidi the leakage curreot density exceeds 
IpA/cm'. 

Results and discttssUm 

A, Two sti^Oi CMP process 

As the newly dev^pcd AFP removes Cu only chenacally. 
the selectivity of Cu pofi^nng to the underlying UN is ahnost 
infinite, and a coaq>lete stop-on-faarrier chuacteristic is reafized. 
Hg.l shows the cross section of Cn interconnect, and it is shown 
that the TiN remains ahnost con^letdy even after 50% over 
polishing of Cu. Next, making the best use of this diaractetistics. 
the TIN layer was pohshed by using an abrasive shirry having a 
controlliid CMP selectivity of TIN against SiOi and Cu to imnhniM 
the erosion and dishmg. Flg.2 slmws the metal residues at the 
upper timgstra phig CMP process in case of adaption of AFP for 
the first CMP step, comparing the case of convoitional abrasive 
shirry. In case of AFP process, we can ^^irmmaM the residue 
completdly by the rednctton of dishiQg and erosion, resulting in the 
improvmeot of the process window. Fig.3 shows the cross 
section of our 7 level metallization in whicfa metal 2.3.4 and 5 wcze 
Cu damascene interconnects, showing the successfol triplication of 
this AFP process. And this Cu metallization suppresses parasitic 
capacitance of interconnects and reduces dock wiring delay by 
30%(4). 

B. Corrosion InhiUtlon 

As Cu is the materiai to be corroded very easily, Cn CMP 
process shouU be designed so as to <^Kmmi»t^ the Cu corrosion 
during the whole chemical treatment. In our study, serious 
corrosion problem was observed in the actual device wafers, in 
which so many PN junctions with various area are mclndpd. 
especially at the patterns connected to the special FN junctions. 
Fig.4 shows the relationship between PN junction area and photo 
induced current through the PN junctions together with the 
occurrence of CO wiring conosiotL As is stiown in tins figure, 
photo induced current increases with the increase in PN junction 
area, and the corroaon is observed when the PN junction area 
exceeded 1.5xl0*(pm?). The best way to eliminate this kind of 
cotrosbn is to compbstdy etimmatf, photo irradiation ftom the 
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environment. So oar process was designed to completely si^xt 
out the pboto inadiatioa through Cu CMP and post CMP wet 
dfianiog. Fig J coiqparBs the efiect of pliotD tnadbtkm for the 
oonoded pattern.' (a) p with photo irradiation and (b) is without 
photo irradiatipiL As is dearfy shown in this figure, the corrosion 
of Ca wiring pattern connected to tlie large PH junction area is 
conqtktety suppressed hy shutting the light out &xim the 
cnvironmcnL 

C TDDB improvcDtait 

Fig.6 compares the ipDB lifietinie between AFP(B) and 
convrational CMP(A}. In this expetiment, the case of special 
airtace treatinait with NH, -plasma onto Cu interconnect was also 
shown(S). A commeiciaQy available abrasive durry was used in 
the CM^A). As is ckarty shown in this figure, AFP(B) gives 
longer lifetime in both cases of with sui&ce treatment and w/o 
treatmem. In case of oonvezttional CMP(A)» the SX^ sur&ce is 
likely to be severely damaged by the CMP process, lesnlting m 
danglix^ bond £9xinatioa On the other hand, in case of AFP, 
mechanical damage to the surface is expected to be reduced 
drastkaDy. This reduction in the mechanical damage is supposed 
to contrilmte to loi^ger fifetime in the newly developed AFP. 

D. Defect reduction 

As the abrasive free polisfaiiig sohtfion does not inchide 
powdos, particles and scratches iuluced by powder aggbmeration 
can be eliminated completely. Table: I shows the results of d^ect 
classification for the 18 wafers processed with this new AFP. 
Fig.? also shows the exan^te of representative defects. As is 
clearly shown in these results, no scratches were detected and the 
kiQer defects detected fay KLA2138 and review SEM were the 
simple defects in film d^msitmn process and patterning process. 
As die defects level in this process does not inchide the special 
defects concerned with CMP process, the conventional yield 
management system wojto well even in this danwsocne process. 



ConrinaoD 

A 7 level mrtantzatinn inchiding 4 leveb of Cu damascene 
wiling was successfully constructed using newly developed AFP. 
With this method, erosion and dishing were drastically reduced, 
and corrosion resistance was isqirDved by shutting the pboto 
irradiation from the environment This new AFP was also vexy 
effective to in^>rove TDDB lifietime supposedly because of 
mechanical damage reduction in the sut&ce region of SiO^. 
Defects such as scratches and particles induced by powder 
aggl nm cr Bt ion was also reduced because of its inherent abrasive 
free characteristics. This kind of AFP is one of the most 
promising technology in the future Cu damascene process. 
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Fig.l Cross section of Cu interconnect 
after the first CMP step. 



(a) conventional (b) AFP 

abrasive CMP 
Fig.2 £limination of W-residues at the upper 
W-plug CMP process by adoption of AFP. 
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Fig.4 Relationship betwe^ PN junction area 
Fig.3 Cross section of Uie 7 level intercconection. and photo induced cunent. 
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(a) with photo inadiation. (b) wiAout photo inadiation. Fig,6 Effects ofnew CMP process and plasma 
Fig^ Photo irradiation effect on Cu corrosion. treatment on life-time improvement . 
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Fig.7 Examples of defects observed in Cu metallization with abrasive free polislung(AFP). 
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